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Abstract 
We present nanoscale photodetectors based on two types of thin film hydrogenated amorphous silicon (a-Si:H), one of which is made of 
intrinsic a-Si:H and the other of n-type doped a-Si:H. 80 nm thick nanophotoconductors with different lengths (2-20 μm) and widths (60 nm-1 
μm) are fabricated. The electronic properties of both types of photoconductores are characterized through the following techniques: the 
temperature dependence of the dark conductivity and determination of the activation energy of dark conductivity; the dependence of the 
photocurrent density with the photogeneration rate; and the spectral response of the photoconductor. This work demonstrates that a-Si:H 
photoconductors can be scaled down to nanoscale while maintaining the optoelectronic properties characteristic of their large-area (mm-size 
and above) counterparts. 
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1. Introduction 
a-Si:H photodetectors show high photosensitivity and low dark current1,2. The fact that they can be deposited at low-
temperature (below 250 ºC) allows the use of substrates such glass, plastic and steel substrates. Thin film hydrogenated a-Si:H 
photodetectors have been developed for several applications, such as solar cells, imagers, optical biosensors, etc.1,2. Typical 
device sizes for these applications range from the 10´s of μm (in X-ray imagers) to large areas in the meter scale (in solar cells). 
Scaling the photodetector size down to the submicron or nanometer range will allow increased pixel density in imaging 
applications and could potentially allow for a range of novel applications on the nanoscale, namely in integrated bioarrays, and 
NEMS. In this work, we develop a submicron a-Si:H based photoconductive light detector on a glass substrate. 
2. Experimental procedures 
2.1. Photodetector fabrication 
The fabrication process of the two types of photodetectors begins with a 100 nm thick Al deposition by magnetron sputtering 
on clean glass substrates (Fig. 1(a)-(e)). Al pad patterns are exposed using optical lithography and then wet etched with Al 
etchant. The photoconducting layer is a 80nm-thick intrinsic or n-type thin-film a-Si:H layer deposited by PECVD. The 
deposition process is performed at the temperature of 250ºC and with the deposition pressure of 0.1 Torr, 5 W RF power. Silane 
with the flow of 10 sccm is used as the feed gas, with phosphine (5 sccm, 98% diluted in hydrogen) added to deposit the n-layer. 
Deposition rates are around 1 Å/s. The key step for the photodetector fabrication is the E-beam lithographic patterning of the 
photoconducting a-Si:H layer, which determines its lateral dimensions. After exposure of an e-beam resist (AR-N 7520.18 1:1 
diluted by thinner AR 300-12), the a-Si:H layer is etched by RIE and then the E-beam resist is stripped. The length L of 
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 photodetectors varies from 2 to 20 μm and the width w changes from 60 nm to 1 μm. Fig. 1(f) shows an SEM micrograph of a 10 
μm-long, 200 nm-wide photodetector, with its profile shown in the insert. 
 
(a) 
 
Fig. 1: Nanoscale photoconductor fabrication process: (a) deposition of 100nm thick Al layer on a glass substrate; (b) Al pad patterning by optical lithography 
followed by wet etching; (c) 80nm thick a-Si:H layer deposition by PECVD; (d) nanoscale photoconductor pattern definition by E-beam lithography; (e) 
photoconductor etching by RIE and E-beam resist stripping. (f) SEM micrograph of a 10 μm-long, 200 nm-wide photoconductor. 
2.2. Device characterization 
The dark d.c. current produced upon application of a constant voltage bias in a two-terminal configuration is measured with 
picoammeter (Keithley 247). To determine its photoelectronic properties, light from a monochromator coupled to a tungsten 
halogen lamp and with with wavelengths varied between 400 and 700 nm is chopped (~13Hz) and focused on the a-Si:H surface 
between the electrodes. The photocurrents are measured using a lock-in amplifier. The photogeneration rates G can be obtained 
from the incident photon flux Φ via the following relationship3: 
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where η stands for quantum efficiency (~1), n refractive index of a-Si:H (~3.5), α is the absorption coefficient and d is the 
thickness of a-Si:H photoconducting layer. The incident photon flux is measured using a calibrated single-crystal silicon 
photodiode.  
3. Results and discussion 
 
      
  
                  
Fig. 2: (a) J-E curves for a L=5 μm-long, w=500 nm-wide, d=80 nm-thick intrinsic and n-type a-Si:H nanophotodetector; and (b) for a L=1 mm-long, w=6 mm-
wide, d=80 nm-thick intrinsic a-Si:H macrophotodetector. 
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Conductivity measurements in 5 μm-long, 500 nm-wide, intrinsic and n-type photoconductors measured at room temperature 
are presented in fig. 2(a). The photoconductivity measurements were performed using light with a wavelength of 550 nm, and 
generation rates 5.48×1019 cm-3s-1 and 7.1×1018 cm-3s-1 for intrinsic and n-type nanophotoconductors, respectively. The 
corresponding photoconductivities σph are 1.06 ×10-5 Ω-1cm-1 and 4.52×10-6 Ω-1cm-1 at these values of G. For comparison, the 
same measurements were performed on an intrinsic sample with the same thickness as those shown in fig. 2(a), but with 
macroscopic dimensions: l mm long and 6 mm wide. Fig. 2(b) shows the electric field dependence of current density of the 
sensor in the dark and under illumination with G of 1.42×1019 cm-3s-1. The photoconductivity measured in the macro 
photoconductor at this G is 1.27 ×10-7 Ω-1cm-1, which implies that a-Si:H photodetectors maintain their photoconductivity values 
when the device dimensions are scaled from the macro to the nanoscale.  
 
At room temperature in the dark, the current carried by the intrinsic nanophotodetectors is smaller than the leakeage through 
the glass substrate, so it can not be measured directly as the n-type photodetectors could be measured. Since the temperature 
dependence of the dark conductivity σ in a-Si:H is exponential (eq. 2), the dark conductivity of intrinsic a-Si:H nanoresistors can 
be extrapolated from the conductivities measured at higher temperatures. 
 
kTEae−= 0σσ                                                                                                  (2) 
 
Ea is the activation energy, σ0 conductivity prefactor and k is the Boltzmann constant. Fig. 3 shows the temperature dependence 
of the dark conductivities of intrinsic and n-type a-Si:H nanophotoconductors (L=5 μm, w=500 nm). The result for the intrinsic 
macro-sized sensor is also shown. By linear fitting of measured data at high temperatures, the activation energy is calculated to 
be  Ea =0.64 eV and the dark conductivity of intrinsic nanophotodetectors at room temperature is extrapolated to be 1.23 ×10-8 Ω-
1cm-1. Table 1 summarizes the electronic properties of both types of nanophotodetectors and the intrinsic macro-sized device. 
The nanoscale devices have a much higher surface to volume ratio of the active a-Si:H layer than the macroscopic devices. It is 
expected that the presence of surfaces influences both the dark and photoconductivities σph of the a-Si:H device through the 
presence of surface states or surface charge: surface states which can act as recombination centers or traps for electrons, and 
surface charge which can result in band bending extending into the bulk. The results reported in Table 1 show that the presence 
of surfaces does not significantly change the optoelectronic properties of a-Si:H down to the nanoscale, thus allowing the 
miniaturization of the photodetectors.  
 
2.6 2.8 3.0 3.2 3.4 3.6
10-10
10-8
10-6
10-4
10-2
100
Ea=0.71 eV
σiRTa=1.08x10
-9 Ω−1cm-1
macro
L=1 mm, w= 6 mm, d =80 nm
Ea=0.64 eV
 
 
 n-type
 i-type, nano 
 i-type, macro  
D
ar
k 
C
on
du
ct
iv
ity
, σ
 (Ω
-1
cm
-1
)
Temperature, 1000/T (K-1)
σ=σ0e
-Ea/(kT)
Ea=0.46 eV
σnRT=2.88x10
-5
 Ω−1cm-1
σiRT=1.23x10
-8 Ω−1cm-1
nano
L=5 μm, w= 500 nm, d =80 nm
 
Fig. 3: Temperature dependence of the dark conductivities of intrinsic and n-type a-Si:H photoconductors. The results for the intrinsic film are shown both for 
nanosized and mm-sized devices. 
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 Table 1 Electronic properties of nanophotodetectors (L=5 μm, w=500 nm) and intrinsic macro-sized device (illumination wavelength: 550nm) 
 
 Dark σ * (Ω-1cm-1) σph  (Ω-1cm-1) G  (cm-3s-1) Photo/Dark ratio** γ*** 
n-type nanophotodetector 3.75×10-5 4.52×10-6 7.10×1018 < 1 0.99 
i-type nanophotodetector 1.23×10-8 (extrapolated) 1.06×10-5 5.48×1019 157 1.04 
mm-sized device 3×10-9 1.27 ×10-7 1.42×1019 30 1.01 
*At room temperature       **Ratio of photoconductivity measured at G=1×1019 cm-3s-1 to dark conductivity at room temperature 
*** The γ values of nanophotodetectors obtained from the 200 nm wide samples 
 
Fig. 4(a) shows the photoconductivity-generation rate dependence for 200 nm-wide intrinsic and n-doped a-Si:H 
nanophotoconductors at the incident wavelength of 550 nm with an electric field of 20000 Vcm-1. In both cases, the generation 
rate dependence of photoconductivity is approximately linear for lower values of G, such that σph ~ Gγ, with γ ≈1, but γ decreases 
when G is larger than 5×1018 cm-3s-1. The photo-to-dark conductivity ratio of the nanoscale intrinsic sample is of order 100 for 
G≈1×1019 cm-3s-1 (Table 1). Fig. 4(b) shows the photoresponse as a function of the incident wavelength using either a constant G 
or a constant photon flux Φ. The photoconductivities are approximately constant when the measurement is performed at constant 
G (dark symbols in fig. 4(b)), but decrease above incident wavelengths of 600 nm when the measurement is performed at 
constant Φ since the absorption decreases due to the  bandgap of the thin-film semiconductor (ETauc≈1.7 eV). 
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Fig. 4: (a) Photoconductivity-generation rate dependence of the intrinsic and n-doped a-Si:H nanophotodetectors and intrinsic macrophotodetector. (b) 
Photoconductivity of nanophotodetectors at different excitations wavelengths with either a constant G or a constant incident light flux Φ. 
4. Conclusion 
Thin film hydrogenated amorphous silicon nanophotodetectors with different lengths (2-20 μm) and widths (60 nm-1 μm) are 
fabricated on glass substrates. 80nm-thick intrinsic and phosphorus doped photoconducting a-Si:H layers are deposited at 250 ºC 
by PECVD and patterned using e-beam lithography. The dark conductivity and its activation energy, and the photoconductivity 
and its dependence on the generation rate, are comparable for patterned nanophotoconductors and unpatterned, mm-size, devices. 
This comparison shows that a-Si:H photodetectors can maintain optoelectronic properties characteristic when scaled down and 
processed to nanoscale dimensions.  
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